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(57) ABSTRACT 

For determination of the transmission function of a mea- 
surement apparatus, in particular of a spectrum analyzer, a 
calibration signal, modulated with a modulation signed such 
that a line spectrum arises within the frequency band of 
interest is provided in the measurement apparatus. In a 
computer, the modulation signal is calculated from the 
digitized output signal of the measurement apparatus. The 
desired transmission function is then calculated therefrom 
according to magnitude and phase. 

7 Claims, 1 Dra^ving Sheet 
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METHOD FOR DETERMINING AND frequency, and, in the computer, the start frequency and the 
COMPENSATING THE TRANSMISSION climb, as well as the beginning and ending of the ramp 
FUNCTION OF A MEASUREMENT function of the modulation signal, are calculated therefrom. 
APPARATUS, IN PARTICULAR OF A From this, as well as from the known canier frequency of the 
SPECTRUM ANALYZER 5 calibratioa oscillator, the transmission function of the mea- 
surement apparatus is calculated. 
BACKGROUND OF THE INVENTION the computer, the function inverse to the calculated 
The present invention relates to a method for determining transmission function is calculated, and the transmission 
and compensating a transmission function of a measurement function of the measurement apparatus is compensated 
apparatus, for example a spectrum analyzer or a vector ^° therewith, during operation of the measurement apparatus, 
analyzer. Using the determined inverse function, analog signal 
Prior art methods of this type are disclosed in Hewlett processing stages of the measurement apparatus are equal- 
Packard Journal, December 1993, p. 31 ff. or p. 47 ff. For the i^^^ "^^^ electronic circuitry. 

evaluation, the characteristic of the modulation signal used In the inventive method, no immediate knowledge of the 

at the input side, and its exact time relation to the calibration modulation signal used as the calibration signal is required, 

signal, must be known. In many applications, this precon- because according to the present invention the modulation 

dition is not given, for example when such a method is to be parameters are calculated immediately in the evaluation 

used in a measurement apparatus in which a single fre- unit, from the digitized output signal of the measurement 

quency calibration oscillator and an arbitrary sweep oscil- W^ratus. For this puq)ose, only knowledge of the carrier 

lator that increases linearly with frequency are indeed ^frequency of the calibration oscillator present at the input 

already present, as is the case for example in a spectrum side and the sampling frequency of the A/D converter are 

analyzer. Since, however, particularly in such electronic required. The start frequency of the modulation signal and 

measurement apparatuses with band-Umiting filters, ampU- its slope can be calculated immediately from the output 

fiers or frequency-converting mixers, the frequency ^ signal. The inventive method is thus advantageous for all 

response of the measurement apparatus is influenced by measurement apparatuses having a standard single fre- 

these modules, (thus introducing a certain error to the quency calibration oscillator, a corresponding sweep 

measurement result), the determination of the transmission oscillator, and an associated mixer. From the digitized output 

function is of particular importance in such measurement frequency, the start frequency of the sweep oscillator and its 

apparatuses. This is because when the amplitude and phase 3Q slope, and the resulting transmission function, can be cal- 

frequency response of the measurement apparatus are culated. For the compensation, it is then necessary only to 

known, this apparatus can easily be compensated by a digital calculate the corresponding inverse function, and to use it to 

evaluation unit, thereby increasing measurement precision. correct the measurement results during operation of the 

measurement apparatus. In the same way, a compensation by 

SUMMARY OF THE INVENTION means of an electronic equalization of analog signal pro- 

Itisanobjectof thepresentinventiontoprovideamethod '^^^ °f course aJso possible As a modulation 

for determining the transmission function of a measurement '^'^ » ^•"f ^^^^ ^^^^If' °f Particularly suitable but 

apparatus that can also be used in measurement apparatuses "»^: V 

that already contain essential components for thi^ purpose. P^^do-noise sequence. It is essential that only by this 

^ ^ ... \ ^ c An stmcture is a Ime spectrum generated within the employed 

In general terms the present mvenUon is a method for ^0 frequency band of the measurement apparatus in which the 

determining the transmission funcUon of a digital measure- transmission function is to be determined. A sweep with a 

ment apparatus, m particular of a spectrum analyzer. A ^^^^^^ increasing or, respectively, decreasing frequency 

calibration signal of the measurement apparatus is modu- ^j^^ advantage that the line spectrum is also uniform, 

lated such that within the useful frequency bandwidth a hne j^^^ ^^^^ ^^^es have the same frequency spacing 

spectrum arises. In a computer, the digital output signal 45 ^^^^ 
which is digitized by an A/0 converter that arises at the 

output of the measurement apparatus is evaluated. BRIEF DESCRIFIION OF THE DRAWINGS 

In the computer, the modulation signal of the cahbration ^. . . ... 

signal is calculated from the known carrier frequency and ^he features of the present mvention which are beheved 

the known sampling frequency of the A/D converter. The ^ be novel, are set forth with particulanty m the appended 

desired transmission frinction is then calculated therefrom mvenUon, together wi^ fiirther objects and 

according to absolute value and phase. f^,^""^^^^: "^^7 ^^^^ understood by reference to the 

^ J * - , . r * • followmg descnption taken in conjunction with the accom- 

Advantageous developments of the present mvention are p,nyu,g ^^rawings, (in the Figures, hke reference numerals 

as toUows. identify hke elements): 

The calibration signal is produced in the measurement 1 u *u u *• j- c « 

. n- ? *- r ' ^ c ' FIG. 1 shows the schematic diagram of an arrangement 

apparatus by multiplication of a single frequency carrier - *i_ j • • 

f , ... ' 1 u T ^ . for executmg the method of the mvention, ra a measurement 

signal with an auxiliary signal whose frequency increases or t , 1 

,^ • 1- / u • ^ apparatus here a spectram analyzer; 

decreases in a hnear fashion. ^ ' * 

nie apparatus further has a signal frequency cahbration eo ^ '^^'"'^^ modulation frequency vs. time; and 

oscillator and a sweep oscillator whose frequency increases FIG. 3 shows detafls of the evaluation unit, 

or decreases in linear fashion. Before the circuit part whose ncer-DTDTrrwr r\i7 ttjc DncccDDcn 

transmission fiinction is to be determined, the carrier signal pSmnnrJ^K^ 

of the calibration oscillator is multiplied, using a mixer, with EMBODIMENTS 

the signal of the sweep oscillator. (55 piG. 1 shows the principle of the design for the execution 

The digitized output signal of the measurement apparatus of the method. A sinusoidal signal of a calibratioa oscillator 

is digitized in an A/D converter with a known sampling 1, standard internally in every spectrum analyzer for level 
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calibration, is provided in the input of the measurement 
apparatus 100. The following analog amplifier and filter 
stages 2 have only a negligible influence on the amplitude 
and phase frequency response. Subsequently, in the analog 
mixer 3 the signal is mixed (multiplied) with the signal of 
local or sweep oscillator 4. The frequency of the local 
oscillator 4 (sweep oscillator) is varied during the calibration 
process in a suitable manner (firequency or, phase modula- 
tion is provided by means of a suitable modulation signal) so 
that in the frequency domain a line spectrum arises whose 
frequency bandwidth has at least the desired caHbration 
bandwidth. A suitable modulation signal is, for example, a 
ramp function, as used in standard spectmm analyzers for 
frequency sweeps. The frequency of the sweep oscillator 
4after modulation with such a ramp function is shown in 
FIG. 2, 

After passing further analog filter and amplifier stages 5 
of the measurement apparatus 100, whose overall frequency 
response is to be measured and compensated, the signal 
reaches an AID converter 6 and is sampled there. An 
evaluation stage 7 at an output of the measurement apparatus 
100 determines, in a digital computer, the correction param- 
eters or, the inverse transmission function, and uses this to 
correct the amplitude and phase frequency response of the 
measurement apparatus 100. 

FIG. 1 shows the application of the method, for example, 
in a spectrum analyzer or vector analyzer as the measure- 
ment apparatus 100. After passing the analog filter and 
amplifier stages 2 (which themselves make no significant 
contribution to the overall frequency response of the 
apparatus, and therefore are not compensated) the analog 
input signal g(t) of the form: 

g(t)-a-cos(2n:-fQ-t) of the single frequency calibration 
oscillator 1 is converted into the signal s(t) of the form 
s(t)«g(t) h(t) in the multiplier 3, with an auxiliary signal 
h(t) of a sweep oscillator. 

As an auxiliary signal h(t), where the real signal of the 
form: 

h(t)=cos(2 jc /(fi+c/t)-t) dt) is used, with 



Cfit)'- 



for 0 s f < fl 
for /I ^ / < /2 
for f i<2 



h(t) describes a carrier signal that frequency sweeps, as can 
be produced by means of a synthesizer that is standard in 
spectrum analyzers. 

The slope can be varied by means of the constant Cy(t). 
The starting frequency is determined by means of f^. 

As a frequency-time diagram, the signal can be repre- 
sented by 



fc(/) = 




The unwanted sideband of the mixing is suppressed by the 
transmission function {H(f)}, and is also of no interest for 
the further evaluation, so that the expression a(t) simplifies 
to: 



with 



10 



15 



20 



25 
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40 



45 



50 



55 



(ramp signal according to FIG. 2). 

Hie signal s(t) that arises in this way runs through further 
analog filter and amplifier stages 5 with the overall trans- 
mission function H(f), so that the signal a(t) of the form 

results (convolution of the time signal with the inverse 
Fourier-transformed transmission function of the analog 
filter and amplifier stages). 



65 



or, respectively, in the frequency-time representation, 



-/0=/l-/0+C/-(l2-ri) 



for 0:sr</i ' 
for h £T<t2 
f or / 2t /2 



Subsequently, the signal a(t) is sampled in the analog- 
digital converter 6. The sampling firequency is selected so 
that Nyquist's criterion is fulfilled. 

The signal, now digitized, is supplied to a standard digital 
computer 7 and is evaluated. The digital computer knows 
only the frequency ^ and the sampling frequency of the A/D 
converter, and the computer calculates the transmission 
function H(f) to be compensated firom the sampled signal 
a(t), without knowledge of the absolute time domain of the 
local oscillator signal and of the slope constant cy(t). After 
determination of the transmission function G(Q inverse 
thereto, with the diaractoristic G(f)*H(f)=l (for the calibra- 
tion frequency range of interest), the magnitude of the 
frequency response and the phase frequency response of the 
measurement apparatus are corrected in the digital com- 
puter. 

FIG. 3 shows the block switching diagram of a sample 
realization of the evaluation stage 7. The sampled and 
digitized signal is fed to a digital FM demodulator 7a. The 
magnitude of the frequency response value |H(f)| is sup- 
pressed by the FM demodulator 7a, so that the output signal 
2ij^(l) only contains components that are due to the phase 
frequency response of the apparatus. 

The ideal ramp signal (FIG. 2) is a continuous function at 
times tj and tj, but is not differentiable. 

By means of a differentiation of the FM demodulator 
output signal, these differentiable portions of the ramp signal 
according to FIG. 2 are detected. For the leading and trailing 
transients of the ramp signal, the phase frequency response 
is not important, so that the firequencies f^-:^ in the time 
span 0 ... ti or, respectively, fz-f© can be calculated in the 
time span >t2. 

The times t^ and t^ and the two firequencies f ^ and are 
thereby determined, and the modulation constants Cy are to 
be calculated via the relationship 



h-h ' 
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With knowledge of the modulation parameters, the ideal 
reference signal lb h;^^^^t)«cos(2*Ji /(fi-fo+c^t) t) dt is 
generated, and is subjected to a Fourier transformation 7c. 
By comparison of the Fourier transforms of the sampled 
signal 7d and the ideal reference signal 7c, the desired 
transmission function results as the quotient 7e of two 
complex spectra: 
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The inverse transmission function required for the compen- 
sation of this frequency response is determined with the 
relationship G(f) H(f)»l in the function block If. 

The invention is not limited to the particular details of the 
method depicted and other modifications and applications 
are contemplated. Certain other changes may be made in the 
above described method without departing from the true 
spirit and scope of the invention herein involved. It is 
intended, therefore, that the subject matter in the above 
depiction shall be interpreted as illustrative and not in a 
limiting sense. 

What is claimed is: 

1. A method for determining a transmission function of a 
digital measurement apparatus, comprising the steps of: 

at an input end within the measurement apparatus pro- 
viding a calibration oscillator having a known canier 
frequency which is modulated with a modulation signal 
to create a calibration signal to cause a line spectrum to 
arise within an employed frequency band within the 
measurement apparatus; 

providing in the measurement apparatus an analog-to- 
digital converter which creates a digitized output signal 
at an output from the measurement apparatus; and 

in a computer connected at the output of the measurement 
apparatus calculating the modulation signal of the 
calibration signal from said known carrier frequency 
and a known sampling frequency of the analog-to- 
digital convener by use of a digital FM demodulator, 
calculating in the computer a start frequency and a 
slope, as well as a beginning time and ending time of 
the modulation signal by means of a differentiation of 
an output signal of the FM demodulator, and wherein 
calculating from said calculation as well as from the 
known carrier frequency of the calibration oscillator the 
transmission function of the measurement apparatus. 

2. The method according to claim 1 wherein the calibra- 
tion signal is^generated by multiplication of a single fre- 
quencjr^carrier signal with an auxiliary signal as said modu- 
lation signal whose frequency linearly changes. 

3. The method according to claim 1 wherein the mea- 
surement apparatus has a single frequency cahbration oscil- 
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lator and a sweep oscillator whose frequency linearly 
changes, and wherein prior to a circuit part of the measure- 
ment apparatus whose transmission function is to be 
determined, a carrier signal of the calibration oscillator is 
multiplied by use of a mixer with a signal of the sweep 
oscillator. 

4. The method according to claim 1 wherein in the 
computer, a function inverse to the calculated transmission 
function is calculated, and wherein the transmission function 
of the measurement apparatus is compensated using the 
inverse function during operation of the measurement appa- 
ratus. 

5. The method according to claim 4 wherein using the 
inverse function, analog signal processing stages of the 
measurement apparatus are equalized by electronic devices. 

6. A system for determining a transmission function of a 
digital measurement apparatus, comprising: 

a digital measurement apparatus having a calibration 
oscillator having a known carrier frequency modulated 
with a modulation signal for creating a calibration 
signal which causes a line spectnim in an employed 
frequency band of the measurement apparatus, said 
measuring apparatus also having an analog-to-digital 
converter for creating a digitized output signal at an 
output fr^m said measurement apparatus, said analog- 
to-digital converter having a known sampling fre- 
quency; 

a digital FM demodulator; and 

a computer connected to the digitized output of the 
measurement apparatus for calculating the modulation 
signal of the calibration signal from said known carrier 
frequency and said known sampling frequency of the 
analog-to-digital converter by use of the digital FM 
demodulator, said computer calculating a start fre- 
quency and a slope, as well as a beginning time and 
ending time of the modulation signal by means of a 
differentiation of the FM demodulator output signal, 
and wherein from said calculation as well as from the 
known carrier frequency of said calibration oscillator 
the transmission function of the measurement appara- 
tus is calculated. 

7. The system of claim 6 wherein the transmission func- 
tion is according to magnitude and phase. 
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